Abstract. In our previous papers we have shown that the fractal (monoffactal) dimension (Do) showed a significant increase before the Guam earthquake occurred on August 8, 1993. In order to have a further support to this precursory effect, we have carried out the corresponding multifractal analysis (by means of detrended fluctuation analysis) for the same data to study the statistical self-similar properties in a wide range of scales. We have analyzed the ULF geomagnetic data (the must intense H component) observed at Guam observatory. As the result, we have found that we could observe significant changes in the multifractal parameters at Guam such that ai,, showed a meaningful decrease about 25 days before the earthquake and correspondingly A a increased because exhibited no significant change at all. Correspondingly, the generalized multifiaactal dimension Dq (4'1) showed a significant decrease (whereas Dq (q<O) showed no change) and Do (= Dq (q=O)(as already found in our previous papers) is reconfirmed to increase before the earthquake. These multifractai characteristics seem to be a further support that these changes are closely associated with the earthquake as a precursor to the Guam earthquake.
Introduction
There have been accumulated a lot of convincing evidences on the electromagnetic phenomena associated with earthquakes (e.g. Hayakawa and Fujinawa, 1994; Hayakawa, 1999; Hayakawa and Molchanov, 2002) . Especially, the presence of precursory signature of earthquakes is clearly evidenced in the ULF (ultra-low-frequency) range (Fraser-Smith et al., 1990; Molchanov et al., 1992 ; Kopytenko et al,, 1993 ; Hayakawa et al., 1996 Hayakawa et al., , 1999 Hayakawa et al., , 2000 Hayakawa et al., , 2001 for large earthquakes such as Spitak, Loma Prieta, Guam etc.
Signal processing is found to be of potential importance in finding out the seismogenic ULF emissions especially in a general case when the observatory is relatively away from the epicenter, so that the seismogenic emission is embedded in the noise. We have proposed so far several possible methods, including the polarization analysis method using the ratio of vertical to horizontal magnetic field components (Hayakawa et al., 19961, fractal (mono-) analysis (Hayakawa et al., 1999) , principal component analysis (PCA) (Gotoh et al., 2002) etc.
Because the dynamics of earthquakes exhibit properties which are characteristics for the seIforganized criticality (SOC) state (e.g. Bak et al., 1987;  Bak, 1997), we have made the first attempt to use the fractal analysis to the seismogenic ULF emissions for the Guam earthquake (Hayakawa et al., 1999) . Since the principal feature of the SOC state is a fractal organization of the output parameters both in space (scale-invariant structure) and in time (flicker noise or l/f noise). When there are no seismogenic emissions and no geomagnetic storms, the fractal dimension is expected to show no significant change. However, Hayakawa et al. (1999) have found a significant change in fractal (mono-) dimension just before the Guam earthquake, and later the similar behavior has also been confirmed for another large earthquake at Biak (Hayakawa et al., 2001 ). This estimation of fractal dimension was based on the spectral slope, but later Smirnova et aL (2001) and Gotoh et al. (2003, 2004 ) have compared different analysis methods in estimating the fractal dimension (spectral slope, Burgla and Klein and Higuchi methods), but the seismicity spatial and temporal distribution reveal statistically self-similar properties in a wide range of scales and can be tread as multifractal. (e.g., Turcotte, 1997) . Our previous studies are just a monofractal analysis, but we are interested in examining the multifiactal nature of the ULF electromagnetic data for the same Guam earthquake.
This paper is a hrther extension of our previous paper dealt with the monofractal analysis. We have already found a significant precursory change in the monofkactal dimension before the Guam earthquake. This data set is also studied in this paper by means of the multifractal analysis, which will be the first attempt in seismogenic ULF data.
Background of ULF studies
As is summarized in Hayakawa (1999) Bak (1997) and the complex approach by Troyan et al. (1999) provide a convenient basis. The earthquake system dynamics can be traced by ffactal methods (e.g. Feder, 1988; Mandelbrot, 1989; Turcotte, 1992; Bak, 1999) . The objective ofthis paper is to present the results of study of the dynamics of a set of multifractal characteristics of the ULF geomagnetic data before and after the relevant earthquake.
Experimental ULF data and analysis procedure 
for V = N, + 5 . . . , 2 N t .
Here, y y ( i ) is the fitting polynomial in segment y.
We have used the sixth-order (m = 6) polynomials in 'the fitting procedure. We then average over all segments to obtain the q-th order fluctuation function.
Of course, Fq(s) depends on the DFA order m, and by construction Fq(s) is only defined s>m+2. Kantelhardt et al. (2002) have suggested the value for s in such a way that s < Nf4. So that we have adopted a reasonable range of s = 10-300, and so the obtained results are acceptabIe. We show one example of Fq(s) (q = -0.5, 0, +0.5) on a particular day of 12 March, 1993 in Fig.1 Fig. 2(b) can be interpreted as follows: The spectrum which looks like an upside-down parabola, peaks at fmm (at a (Am)) and streches from q,,," to That is, the range w (amin to quantifies the nonuniformity of the fractal, while f(a) telts how frequently events with scaling exponent a occur. By using these multi-fractal parameters, we can study the temporal behavior of fractal structure in the ULF data, such as a transition from stochastic to ordered and clastered patterns. For example, the increase in A means a transition from homogeneous (random, space filling) to heterogeneous (ordered, complex, clustered) structure. The shift to the left of a,,, means that the clustering within the most clustered area becomes more intense. Fig. 3 illustrates the whole-one year plot of the variations of those multifiactal parameters. The thin lines are the daily variations, and the full lines indicate the running average over +5 days on a current day (+5 day including the current day and -5 days including the current day; Total (9 days)). The vertical line of August 8 indicates the day of the Guam earthquake. The top panel is the temporal evolution ofgeomagnetic activity expressed by the Ap index, because the geomagnetic disturbances are likely to take place during high geomagnetic activities. The multifractal parameters are given from top; A, 4~~] , f m a , w, amin and a " . By means of a close look at Fig. 3 , we can notice the following important findings for the multifractal parameters.
The temporal variations of bottom three panels (a,,,, a, , , and w) has indicated a significant change (increase) in w about 30 days before the earthquake This is entirely dependent on the significant decrease in a ,,,," because a is not found to exhibit any obvious changes.
a(&J seems to show no significant change, but fma itself is found to indicate a significant decrease before the earthquake.
The most pronounced effect is clearly seen in the temporal evolution of the non-uniformity factor, A. That is, the value A of is found to show a significant increase about 30 days before the earthquake and remain at a high value until a few days before the earthquake. This A value is seen to be back to the background value a few months later than the earthquake.
Significant changes (increase) in A before the earthquake are apparent to have no correlation with the geomagnetic activity because we are dwing geomagnetically quiet period.
Another form of presentation is the use of Dq (q) curve for the same one year of 1993, including the earthquake day of August 8. The result is given in Fig.  4 , in which the ordinate is the value of q and the value of Rq is indicated in different color. We can notice the following facts.
(1) As for Do (capacity dimension) we find a significant increase about 30days before the earthquake, which seems to support the previous works by Hayakawa et al. (1990) and Gotoh et al. (2004) based on the monofractal analysis. The must significant effect is seen for q = 0.5. (2) In the region of q >1, Dq is found to decrease about 30 days before the earthquake, while Dg (q < 0)
did not show any particular changes.
Discussion and Conclusion
In our previous monofractal analyses by Hayakawa et al. (1999) and Gotoh et al. (20041, we have already found that the monofractal dimension (corresponding to Do in this analysis) showed a significant increase before the Guam earthquake, which seems to be a precursor (Hayakawa et al., 1999) to the Guam earthquake (Hayakawa et al., 1999) . In addition to this monofractal analysis, our first attempt of multifractal analysis (by means of MFDFA) in this paper has elucidated firther characteristics of scaling properties of ULF geomagnetic data for the Guam earthquake.
Our multifiactal analysis has yielded a significant insight into the precursory effects of earthquakes. It seems clear that the temporal variations in w and A provide some obvious message for the short-time earthquake forecast. Especially, the non-uniformity factor, A has indicated a significant increase starting about 30 days before and lasting just before the earthquake. This A value is normalized by the denominator vmm). The most influential point is the shift of q,,, to the left, which indicates that the clustering within the most clustered areas becomes more intense (the local fractal dimension increases within these vicinities). The corresponding increase in w indeed means a transition from homogeneous (random, space filling) to heterogeneous (ordered, complex, clustered) patterns. for details). For our analysis we use the digital records 
